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Globally, the incidence of burns severe enough to require medical attention was nearly 11 million people (ranked fourth of all injuries), and more than 300 000 persons die each year worldwide because of burn injuries in 2004 [1, 2] . Patients with severe burns are at high risk of developing invasive burn wound infections and sepsis, which often lead to multiorgan dysfunction and death [3] . Although burn wound surfaces are sterile immediately following thermal injury, they eventually become colonized by microorganisms. Gram-positive bacteria that survive the thermal insult, such as staphylococci located deep within sweat glands and hair follicles, colonize the wound surface within the first 48 hours [4, 5] . Several studies have suggested that severe thermal injuries damage the skin barrier; concomitantly, they depress local and systemic host cellular and humoral immune responses, inducing a state of immunosuppression that predisposes burn patients to infectious complications [6] [7] [8] .
The prophylactic use of antibiotics for patients with severe burns in general settings (ie, not perioperative settings) has been examined in several single-center studies with limited numbers of patients [9] [10] [11] [12] [13] [14] . However, no robust conclusions have emerged. Two recent studies of systematic reviews and metaanalyses of trials have produced conflicting results [15, 16] . Avni et al [15] suggested that prophylaxis with systemic antibiotics significantly reduced all-cause mortality by almost 50%; however, Barajas-Nava et al [16] found no statistically significant difference in all-cause mortality. In both studies it was declared that the methodological quality of the data was too weak to draw a firm conclusion [15, 16] . Thus, the role of prophylactic antibiotics for severe burns is still controversial, and their use has not been advocated in recent guidelines or recommendations owing to a lack of evidence for efficacy and induction of antibiotic resistance [17] [18] [19] [20] .
We hypothesized that prophylactic systemic antibiotic therapy may reduce mortality in patients with severe burns. The purpose of this study was to evaluate our hypothesis using a large nationwide inpatient database in Japan.
METHODS
The University of Tokyo Institutional Review Board approved this study. The board waived the requirement for informed patient consent because of the anonymous nature of the data.
Data Source and Variables
For this study, we used the Japanese diagnosis procedure combination (DPC) database, which was described in detail previously [21] . In short, the DPC database includes administrative claims and discharge abstract data for all inpatients discharged from more than 1000 participating hospitals; it covers approximately 92% (244/266) of all tertiary-care emergency hospitals in Japan and 90% (90/100) of institutions certified for training burn specialists by the Japanese Society for Burn Injuries [22] . The database includes the following information for each patient: age; sex; primary diagnosis; comorbidities on admission and post-admission complications coded with the International Classification of Diseases, 10th Revision (ICD-10), codes and written in Japanese; medical procedures, including types of surgery, coded with original Japanese codes; daily records of drug administration and devices used; length of stay; and discharge status. The dates of hospital admission, surgery, bedside procedures, drugs administered, and hospital discharge are recorded using a uniform data submission format [21] [22] [23] [24] [25] .
Several lists of scores are also available in the database, including burn index and Japan coma scale (JCS) scores. The burn index takes both the surface area and thickness of the burned area into consideration: burn index = full thickness of total burn surface area + 1/2 partial thickness of total burn surface area [22, 26] . The JCS correlates well with the Glasgow coma scale; consciousness scored at 100 points on the JCS is equivalent to a score of 6-9 on the Glasgow coma scale. We categorized the JCS scores into 4 groups: 0, alert; 1-3, delirium; 10-30, somnolence; and 100-300, coma [21] [22] [23] [24] [25] . To quantify the extent of comorbidities, the ICD-10 code for each comorbidity was converted to a score, and the sum was used to calculate the Charlson comorbidity index (CCI) as previously described [22, 27, 28] . Briefly, the CCI is a method of predicting mortality by classifying or weighting comorbidities. It has been widely used by health researchers to measure case mix and the burden of disease [27] . We categorized patients into 1 of 3 groups on the basis of the CCI: low, 0; medium, 1; and high, ≥2 [22] .
We categorized the hospital types as academic or nonacademic. We defined teaching hospitals as to whether or not the institution was designated for postgraduate clinical training. We designated hospital volume as the number of eligible patients treated for the current study and categorized into quartiles (very low, low, high, and very high). We defined the use of prophylactic antibiotics as treatment with first-generation cephalosporin and ampicillin/sulbactam (ie, targeted for burn infection) within 2 days after admission without being used for perioperative management.
Patient Selection and Endpoint
We identified all patients with severe burns (burn index ≥10) [22] who were recorded in the database from 1 July 2010 to 31 March 2013. The exclusion criteria for this study were the following types of patients: out-of-hospital cardiac arrest, discharged within 2 days after admission (to avoid immortal time bias), administered nonprophylactic antibiotics within 2 days after admission, and underwent surgery (skin grafting) within 2 days after admission. We thus compared patients who were administered prophylactic antibiotics within 2 days after admission ( prophylaxis group) and those who were not administered any antibiotics within that time (control group). Because the DPC is an administrative database with information input as to when patients are discharged, patient followup began on the day of admission and ended on the hospital discharge date (to home, transfer to another hospital, or death). We could not follow up patients after discharge from the hospital since the information was not available in this discharge database. Although physicians in charge were obliged to record the burn index, we were unable to evaluate patients for whom these data were missing.
The endpoint used in this study was all-cause 28-day inhospital mortality. The secondary endpoints were in-hospital mortality and the use of carbapenem, tazobactam/piperacillin, fourth-generation cephalosporins, and drugs for methicillinresistant Staphylococcus aureus (MRSA; eg, vancomycin, teicoplanin, arbekacin sulfate, linezolid daptomycin) started after day 2 or later.
Statistical Analyses
Since inhalation injury that requires mechanical ventilation significantly affects the outcome for burn patients [22, 26, [29] [30] [31] [32] , we divided the patients into 2 categories: those who had received mechanical ventilation within 2 days after admission and those who had not. We compared categorical variables using the χ 2 or Fisher exact test. To assess the propensity score, we fitted a logistic regression model for prophylactic antibiotic use as a function of patients' demographic and clinical characteristics as well as hospital factors, which included the following: age; sex; burn index; CCI, level of consciousness on admission; hospital type (academic or nonacademic); teaching hospital status and hospital volume; use of catecholamine (dobutamine, norepinephrine, and/or dopamine); antithrombin use; treatment with recombinant human soluble thrombomodulin; treatment with haptoglobin; and requirement for escharotomy and debridement [1, [21] [22] [23] [24] [25] [26] [29] [30] [31] [32] [33] [34] . We performed propensity score-adjusted logistic regression analyses to evaluate the effect of prophylactic antibiotics (with and without mechanical ventilation, respectively), fitted with a generalized estimating equation to adjust for institutional clustering [35] . In addition, we also performed a 1-to-1 propensity scorematched analysis (of prophylactic antibiotic and control groups) using nearest-neighbor matching. A match occurred when a patient in the prophylaxis group had an estimated score within 0.2 standard deviations of a patient in the control group. We examined the balance in baseline variables using standardized differences, where >10% was regarded as imbalanced [36] . We performed logistic regression analysis fitted with generalized estimating equations to examine the association between prophylactic antibiotic use and 28-day in-hospital mortality and accounted for the paired nature of the propensity scorematched patients. We used Cox regression analysis to assess differences in in-hospital survival rates between patients with and without prophylactic treatment in the propensity scorematched groups. We performed all statistical analyses using IBM SPSS, version 22 (IBM Corp., Armonk, New York).
RESULTS

Patients
We identified 2893 severe burn patients treated at 583 hospitals during the 33-month study period ( Figure 1 ). We categorized the patients according to whether they received mechanical ventilation within 2 days after admission (n = 692) or not (n = 2201). We further divided the patients into those with and without prophylaxis. From the groups with and without mechanical ventilation, we generated 232 and 526 propensity score-matched pairs, respectively. Overall, 35% (1013/2893) received prophylactic antibiotics: 60% (412/692) with mechanical ventilation and 27.3% (601/2201) without mechanical ventilation. The mean doses and durations of prophylactic firstgeneration cephalosporin or ampicillin/sulbactam were 2.1 g/ day for 6.9 days and 4.6 g/day for 6.7 days, respectively. Table 1 shows the baseline characteristics of the unmatched and propensity score-matched groups among mechanically ventilated patients. In the unmatched groups, patients were more likely to have received prophylaxis if they were younger, required more norepinephrine or other drugs, or needed escharotomy and debridement. Table 2 shows the baseline characteristics of the unmatched and propensity score-matched groups without mechanical ventilation. Among the unmatched groups, patients were more likely to have received prophylaxis if they were treated at teaching hospitals, required higher doses of catecholamines or other drugs, or required debridement. After propensity score matching, the baseline patient characteristics were well balanced between the groups, as evident in Tables 1 and 2 .
Endpoints
Overall 28-day in-hospital mortality among all patients was 15.2% (441/2893). There was a significant 28-day in-hospital mortality difference between patients who were mechanically ventilated and those who were not (42.5%, 294/692 vs 6.7%, 147/2201). Propensity score-adjusted logistic regression analyses adjusted for institutional clustering revealed a significant association between the use of prophylactic antibiotics and lower 28-day in-hospital mortality in 692 mechanically ventilated patients (odds ratio [OR], 0.71; 95% confidence interval [CI], .52 to .96), but there was no significant relationship among the 2201 patients who were not mechanically ventilated (OR, 0.94; 95% CI, .61 to 1.5).
Among the mechanically ventilated patients, significant differences in 28-day in-hospital mortality occurred between the 2 groups for both the unmatched (control vs prophylaxis, 48.6% vs 38.3%; difference, 10.2%; 95% CI, 2.7 to 17.7) and propensity-matched groups (47.0% vs 36.6%; difference, 10.3%; 95% CI, 1.4 to 19.3; Table 3 ). Logistic regression analyses showed a significant association between the use of prophylactic antibiotics and lower 28-day in-hospital mortality in the propensitymatched groups (OR, 0.65; 95% CI, .45 to .95). There was a significant in-hospital mortality difference between the 2 groups for both the unmatched (56.8% vs 48.5%; difference, 8.2%; 95% CI, .6 to 15.8) and propensity-matched groups (55.6% vs 45.6%; difference, 9.9%; 95% CI, .8 to 19.0). Cox regression analysis showed a significant in-hospital mortality difference between the control and prophylaxis groups in the propensity-matched groups (hazard ratio, 0.70; 95% CI, .54 to .91; Figure 2 ). In the propensity-matched groups, after day 2, there were no significant differences in the proportion administered anti-MRSA drugs (43.1% vs. 38.8%; difference, 4.3%; 95% CI, −4.6 to 13.2), carbapenem (34.1% vs. 37.9%; difference, −3.9%; 95% CI, −12.6 to 4.9), tazobactam/piperacillin (31.0% vs. 29.3%; difference, 2.0%; 95% CI, −7.8 to 12.0), or fourth-generation cephalosporins (12.5% vs. 14.2%; difference, −1.7%; 95% CI, −7.9 to 9.6).
Among the patients who did not receive mechanical ventilation, there was no significant difference in 28-day in-hospital mortality between the 2 groups for both the unmatched and propensity-matched groups ( Table 3) . Logistic regression analyses showed that there was no significant association between the use of prophylactic antibiotics and lower 28-day in-hospital mortality in the propensity score-matched groups (OR, 0.81; 95% CI, .45 to 1.4). There were no significant in-hospital mortality differences between the 2 groups for both the unmatched (control vs prophylaxis; 11.3% vs 10.1%; difference, 1.1%; 95% CI, −1.8 to 4.0) and propensity-matched groups (8.6% vs 8.4%; difference, 0.2%; 95% CI, −3.2 to 3.6). Cox regression analysis did not indicate significant in-hospital mortality differences between the control and prophylaxis groups for the propensity-matched groups (hazard ratio, 0.94; 95% CI, .61 to 1.5). 
DISCUSSION
The results of this study, which used a nationwide database, suggest that there may be a significant association between the use of prophylactic antibiotics and lower mortality in mechanically ventilated patients with severe burns. However, this association was not found in patients with severe burns who did not receive mechanical ventilation. There were no significant differences in the proportion administered anti-MRSA drugs, carbapenem, tazobactam/piperacillin, or fourth-generation cephalosporins after day 2 in the propensity-matched groups undergoing mechanical ventilation. Several recommendations and guidelines for the initial management of severe burns [17, 18, 20] , including Japanese guidelines (Japanese Society for Burn Injuries) [19] , do not address systemic antibiotic prophylaxis or explicitly state that prophylactic antibiotics are not recommended. The use of prophylactic antibiotics may not be safe because they could also promote the emergence of resistant strains of microorganisms, further impeding the treatment of infections. However, in terms of actual clinical practice in a general setting (ie, not for perioperative management) across Japan, the present study found that prophylactic antibiotics were administered to approximately 35% of all patients with severe burns and to 60% of those receiving mechanical ventilation.
These results are consistent with the findings of the systematic review study by Avni et al [15] . They analyzed 136 paired cases from 5 studies that did not take the use of mechanical ventilation into consideration and determined that systemic antibiotic prophylaxis significantly reduces all-cause mortality. The methodological strength of our study lies in the evaluation of a large sample of patients across Japan with severe burns. We conducted robust adjustment for measured confounders using propensity-matched analyses and focused on patients who did or did not receive prophylaxis within 2 days after admission. In our study, the prophylactic antibiotics mainly targeted microorganisms, which in general heavily colonize the wound surface within the first 48 hours. In severe burn patients, coagulase-negative staphylococci and methicillin-sensitive S. aureus have been found to be the most prevalent isolates in admission cultures [4] . A gradual decrease in the number of isolates of coagulasenegative staphylococci and a marked increase in the numbers of S. aureus and Pseudomonas aeruginosa have been observed from admission to day 21 [4] . There was subsequently a constant increase in MRSA [4] . Accordingly, as the secondary outcome, we compared the incidence of patients who required anti-MRSA drug administration with the prophylaxis group and controls. We found that the use of prophylactic antibiotics did not lead to an increase in the proportion of anti-MRSA drug administration.
Several small sample studies [10, 11] and systematic reviews [15, 16] have found reduced incidence of pneumonia in burn patients to be associated with systemic antibiotic regimens. Several studies have indicated the presence of immune defects in the early phase following thermal injury among patients with severe burns. The defects include impaired cytotoxic T-lymphocyte response, myeloid maturation arrest causing neutropenia, impaired neutrophil function, and decreased macrophage production [6] [7] [8] .The results of the current propensity score-matched analysis suggest that mechanically ventilated patients with severe burns who received prophylactic antibiotics were more likely to survive than similar patients who did not receive the antibiotics. These findings were robust, as demonstrated by the results obtained by the logistic regression and Cox regression analyses. Although in the present study we were unable to determine the indications for mechanical ventilation for each patient, mechanically ventilated patients were apparently in a more severe condition (higher burn index and mortality rate) than those who did not undergo the procedure. Although we cannot infer a robust cause-and-effect relationship from this study, we can speculate that severe burn patients who required mechanical ventilation could have (severe enough to) had immune defects and may have suffered from sepsis (including pneumonia) in the early phase after burn injury.
This study has some limitations. First, although it used a nationwide database, it was retrospective and observational, without randomization. Even though we adopted propensity score matching to adjust for differences in baseline characteristics and disease severity, there may still have been bias in the form of confounders that were not measured. However, we were able to identify the major factors that potentially affect mortality in patients with severe burns, such as age, sex, burn index, comorbidities, and use of mechanical ventilation [5, 20, 22, 26, 28, 33] , and the baseline characteristics of selected patients with severe burns were well balanced in the propensity score-matched groups. Although large randomized trials are necessary to confirm these results, it may be not easy to perform such trials in a large number of patients for this life-threatening condition, especially for mechanically ventilated patients with severe burns (mortality rate of 42.5%). Thus, the present nationwide study may provide the best attainable level of evidence on this issue. Second, the database does not include data on microorganisms, the actual incidence of infection, or the cause of death, that is, death caused by sepsis due to burn site infection or pneumonia. Third, we did not consider topical antibiotics when we analyzed the data. However, recent studies have suggested that topical antibiotic prophylaxis confers no beneficial effects on outcome [15, 16] . Finally, we evaluated only severe burn patients in a general setting (ie, not in a perioperative setting), as defined in previous studies [15, 16] . Thus, our results cannot be generalized to the use of prophylactic antibiotics for severe burns in perioperative settings.
CONCLUSIONS
The current nationwide database study using propensity score analyses found that the use of systemic prophylactic antibiotics in general settings may result in improved 28-day in-hospital mortality in mechanically ventilated patients with severe burns but not in patients who do not receive mechanical ventilation. Future multination studies are required to validate our results.
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